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Abstract:  Molecular electronics has been the subject of increasing interest 
since 1974. Although it describes the utilization of single molecules as active 
components of electrical devices, molecular electronics remains a 
fundamental subject to date. Considering that the length of a single molecule 
is typically several nanometers, the electrical characterization of a probe 
molecule is a significant experimental challenge. A metal/molecule/metal 
junction can bridge the gap between nanometer-sized molecules and the 
macroscopic measuring circuit and is, thus, generally considered as the most 
common prototype in molecular electronics. For the fabrication and 
characterization of single-molecule junctions, break junction methods, which 
include the mechanically controllable break junction (MCBJ) technique and 
the scanning tunneling microscopy-break junction (STM-BJ) technique, were proposed at the turn of the century and have 
been developed rapidly in recent years. These methods are widely employed in the experimental study of charge transport 
through single-molecule junctions and provide a platform to investigate the physical and chemical processes at the single-
molecule level. In this review, we mainly focus on MCBJ and STM-BJ techniques applicable for single-molecule 
conductance measurement and highlight the progress of these techniques in the context of identification and modulation 
of chemical reactions and evaluation of their reaction kinetics at the single-molecule level. We begin by presenting the 
operation principles of MCBJ and STM-BJ and stating their brief comparison. Subsequently, we summarize the recent 
advances in modulating single-molecule chemical reactions. In this regard, we introduce several examples that involve 
changing the environmental solution, applying an external electrical field, and resorting to electrochemical gating. Next, we 
overview the application of the break junction techniques in the investigation of reaction kinetics at the single-molecule 
level. In this section, we also present a brief introduction to studies on single-molecule reaction kinetics using graphene-
based nanogaps, wherein conventional metallic electrodes were replaced by graphene electrodes. Furthermore, we 
discuss the combination of break junction techniques and surface-enhanced Raman spectroscopy for detecting single-
molecule reactions occurring at nanometer-scale separation. We discuss the historical development of this combined 
method and present the latest advancement explaining the origin of the low conductance of 1,4-benzenedithiol, which is a 
topic of significant concern in single-molecule electronics. Finally, we discuss some future issues in molecular electronics, 
including the expansion from simple molecules to complex molecular systems and the introduction of multi-physical fields 
into single-molecule junctions. Moreover, we provide a list of critical characterization tools in molecular electronics and 
discuss their potential applications. 
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(―Py) 18、巯基(―SH) 19、氨基(―NH2) 20、噻吩21、
富勒烯22等均可以起到锚定基团的作用。在纳米间
隔电极对的构筑方面，研究者们常采用裂结技术，




















图 1  金属/分子/金属结示意图 
Fig. 1  Schematic of metal/molecule/metal junction. 
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钯30以及碳纳米管31、石墨烯32等其他多种材料。 





























































图 2  MCBJ 装置的结构简意图 
Fig. 2  Schematic of MCBJ setup. 
 
图 3  STM-BJ 技术的结构示意图 
Fig. 3  Schematic of STM-BJ setup. 


















图 4  (a)目标分子在加入三氟乙酸前(蓝)与加入三氟乙酸后(绿)的分子结构式； 
(b)目标分子在加入三氟乙酸前与加入三氟乙酸后的电导直方图 40 
Fig. 4  (a) Chemical structures of probe molecule before (blue) and after (green) adding TFA;  
(b) conductance histograms of probe molecule before (blue) and after (green) adding TFA 40. 
 
图 5  (a)奥甘菊系列分子的结构式，以及其发生质子化过程的示意图；(b–d)发生质子化过程之前(黑色)和 
之后(红色)奥甘菊系列分子的一维电导统计图 41 
Fig. 5  (a) Chemical structures of azulenes and the schematic protonation process of azulene after adding TFA;  
(b–d) evolution of conductance histograms for different azulenes before (black) and after (red) adding TFA 41. 

















































图 6  (a) STM-BJ 中静电催化狄尔斯-阿尔德反应的示意图；(b)当电子流向是沿基底指向针尖时(蓝线)， 
与电子流向是沿针尖指向基底时(红线)，实验中检测到反应产物的概率随外加偏压的变化曲线 45 
Fig. 6  (a) Schematic of electrostatic catalysis of the Diels-Alder reaction in the STM-BJ system; (b) Frequency of  
blinks, i.e., the occurrence of Diels-Alder reaction, as a function of the applied bias. The blue plot was measured when a 
negative bias was applied to the substrate, while the red plot was measured when a positive bias was applied 45. 
 
图 7  基于静电场催化的 C―ON 化学键断裂的示意图 46 
Fig. 7  Schematic of the breaking of a C―ON bond  
under an external electric field 46. 
































图 8  (a) NDI 分子结的三种稳定状态(中性、自由基阴离子、二价阴离子)及其彼此之间相互转化的过程示意图； 
(b)分别对应于 NDI-N (黑)、NDI-R (蓝)、NDI-D (红)三种稳态的典型单条电导曲线 50 
Fig. 8  (a) Chemical structures of NDI junctions in the neutral state (NDI-N), the radical-anion state (NDI-R), and the 
dianion state (NDI-D); (b) the respective conductance-distance curves of NDI-N (black), NDI-R (blue), and NDI-D (red) 50. 
 
图 9  (a)修饰有蒽醌基团的 DNA 分子(Aq-DNA)和未修饰的 DNA 分子(u-DNA)的结构示意图； 
(b) Aq-DNA 单分子结和 u-DNA 单分子结的一维电导统计图 51 
Fig. 9  (a) Schematic structures of anthraquinone modified DNA molecule (Aq-DNA) and unmodified DNA molecule  
(u-DNA); (b) conductance histograms of Aq-DNA molecular junction and u-DNA molecular junction 51. 


























































图 10  (a) Dihydroazulene-6 (dha-6)和 vinylheptafulvene (vhf)分子结示意图；(b)实验中得到的典型单条电导曲线及 
构筑的相应一维电导统计图 54 
Fig. 10  (a) Molecular structures of dihydroazulene-6 (dha-6) and vinylheptafulvene (vhf); (b) typical conductance-distance 
curves recorded in the measurements and the respective conductance histograms 54. 








图 11  (a) SERS-MCBJ 联用装置示意图；分别采取(b)垂直和(c)倾斜两种构型的 4,4’-联吡啶单分子结示意图 62 
Fig. 11  (a) Schematic drawing of a combined SERS-MCBJ setup; (b) vertical and (c) tilting configurations of  
4,4’-bipyridine molecular junctions 62. 
 
图12  BDT分子结体系的(a)二维电导-长度统计图；(b)高低电导值所对应的台阶长度统计图；(c) BDT分子单体及其 
二聚体的结构式；(d) BDT出现高导(红色)、低导(绿色)、无电导信号(灰色)时，以及其粉末(棕色)条件下所采集到的 
拉曼信号，激光波长：785 nm 69。 
Fig. 12  (a) The constructed 2D conductance-distance histogram for the BDT solution; (b) The favorable displacements of 
the high (red) and low (green) conductances; (c) structures of BDT and dimeric-BDT; (d) SERS spectra collected when  
there emerged features of high conductance plateau (red), low conductance plateau (green), and no conductance plateau 
(grey), as well as that collected from BDT powder (brown). Laser excitation: 785 nm 69. 
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